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Abstract 
Many highway bridges have bumps at the bridge approaches and expansion joints, which is a serious 
problem from the user point of view. Also, most of highway abutments are made to resist the vertical 
loads and lateral earth pressure, which induces massive abutment sections compared to the bridge pier. 
In order to solve these problems, a mechanically stabilized earth wall (MSEW) abutment was 
developed to reduce height differences at the bridge approach and to reduce the abutment section. The 
MSEW abutment was compared to the conventional inverted T-type abutment with regard to driving 
comfort using a vehicle dynamic simulation. Based on the .result, the MSEW abutment provides more 
driving comfort than the inverted T-type abutment. 
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1 Introduction 
Many highway bridges have bumps at the bridge approaches and expansion joints, which is a 
serious problem from the user point of view. Also, most of highway abutments are made to resist the 
vertical loads and lateral earth pressure, which induces massive abutment sections compared to the 
bridge pier. In order to solve these problems, a mechanically stabilized earth wall (MSEW) abutment 
was developed to reduce height differences at the bridge approach and to reduce the abutment section. 
The MSEW abutment was compared to the conventional inverted T-type abutment with regard to 
driving comfort using a vehicle dynamic simulation. Based on the result, the MSEW abutment 
provides more driving comfort than the inverted T-type abutment.  
2 Method Statement 
To evaluate driving discomfort, a finite element analysis was conducted to get a bump profile at 
the bridge end. After getting the bump profile at the bridge end, a vehicle dynamic simulation was 
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conducted to get a z-axis acceleration as a function of time. Finally, the RMS from z-axis acceleration 
was determined and it was evaluated by ISO-2631 (1991) procedure in terms of driving discomfort. 
In this study, ISO-2631 (1991) procedure (Mechanical Vibration and Shock-Evaluation of Human 
Exposure to Whole-Body Vibration) is adopted as a basic evaluation criterion of driving discomforts. 
The acceleration RMS (root mean square) may be obtained from time series acceleration as follows. 
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a is acceleration as a function of time, T is duration of measurement. 
In this procedure, the relationship between the discomforts response and frequency- weighted 
RMS acceleration is listed in Table 1. 
 
RMS (m/s2) Ratings 
Less than 0.315 
0.315 to 0.63 
0.5   to 1 
0.8   to 1.6 
1.25  to 2.5 
Greater than 2 
Not uncomfortable 
A little uncomfortable 
Fairly uncomfortable 
Uncomfortable 
Very uncomfortable 
Extremely uncomfortable 
Table 1. Comfort reactions to vibration environments 
 
To get an RMS values from an acceleration, an analysis of driving comfort was conducted by 
CarSim 8.03 (Sinho, 2011), which predicts the performance of vehicles in response to driver controls 
in a given environment (road geometry, coefficients of friction, wind), and produced and distributed 
by Mechanical Simulation Corporation using technology that originated at The University of 
Michigan Transportation Research Institute (UMTRI) as shown in Figure 1. 
 
G
Figure.1 View simulation results via plots and photo-realistic animation by CarSim (Sinho, 2011) 
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3 Evaluation of Driving Discomfort 
To compare driving discomfort between the MSEW and inverted T-type Abutments, two typical 
abutments was considered as shown in Figure 2. The finite element analysis was conducted to get a 
settlement profile for each abutment and the results are as shown in Figure 3. To analyze the 
differential settlements at the approach slabs and the surface settlements, the Geo-Technical Analysis 
System NX of MIDAS Information Technology Co., Ltd. was used to conduct the finite element 
analysis (Midas, 2013) 
A 3-m-wide three-dimensional space perpendicular to the bridge axis was created by considering 
the arrangement of the metal strips that act as inextensible reinforcements of the reinforced-earth 
retaining walls and the width of the piles. The geotechnical model for the finite element analysis 
considered a hexahedron-shaped solid element with 20 nodal points, and the Mohr–Coulomb model 
was applied. Table 2 summaries of the properties of the geotechnical and structural members. 
 
  
(a) MSEW abutment   (b) Inverted T-type abutment 
Figure 2. Abutment considered in this study 
 
Members 
ߛݐ  
ሺ݇ܰȀ݉͵ሻ ܭͲ 
Linear-elastic model Mohr-coulomb Plastic model 
ሺܯܲܽሻ υ Ԅሺ¶ ሻ ɒሺ¶ ሻ ሺ݇ܲܽሻ ܶݏ ሺ݇ܲܽሻ 
Reinforced backfill 19.0 0.5 100 0.30 35 5 10 10 
Landfill 19.0 0.5 77.3 0.35 35 0 10 1 
Colluvium 19.0 0.5 84.5 0.30 35 0 10 1 
Weathered rock 20.0 0.5 210 0.35 35 1 20 50 
Soft rock 24.0 1.0 735 0.20 40 2 50 50 
Hard rock 27.0 1.0 4,590 0.20 45 10 100 50 
Concrete 25.0 - 27,000 0.17 - - - - 
Steel pipe pile 77.0 - 153,200 0.30 - - - - 
Metal strip 76.8 - 210,000 0.27 - - - - 
Table 2. Properties of geotechnical and structural members 
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The differential settlement between the abutment and the embankment for the MSEW abutment 
was much less than the inverted T-type abutment showing smooth profile. On the contract, the 
inverted T-type abutment had a bump at the end of the approach slab that would cause a diving 
discomfort. 
Using these settlement profiles, a vehicle dynamic simulation, CarSim, was conducted to get RMS 
values from z-axis acceleration that could use to evaluate driving discomfort by ISO-2631 (1991). The 
RMS value of the inverted T-type abutment increased with the vehicle speed and it’s the driving 
discomfort index in Table 1 was indicated an ‘uncomfortable’ over than 120 km/hr. However, the 
driving discomfort for the MSEW abutment was indicated ‘not uncomfortable’ that provides smooth 
driving condition to driver and passenger. In terms of driver and passenger’s aspect, the MSEW 
abutment can be best solution for driving comfort. 
 
 
Figure 3. Settlement profiles at bridge ends 
 
 
Figure 4. RMS Settlement profiles at bridge ends 
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4 Conclusion 
To improve the driving comfort at the bridge ends, the MSEW abutment and the inverted T-type 
abutment was compared in terms of driving comfort using a vehicle dynamic simulation. Based on the 
result, the conclusions are as follows. 
 
(1) To evaluate driving discomfort, a finite element analysis was conducted to get a bump profile 
at the bridge end. After getting the bump profile at the bridge end, a vehicle dynamic 
simulation was conducted to get a z-axis acceleration as a function of time. Finally, the RMS 
from z-axis acceleration was determined and it was evaluated by ISO-2631 (1991) procedure in 
terms of driving discomfort. 
(2) To compare driving discomfort between the MSEW and inverted T-type Abutments, two 
typical abutments was considered. The differential settlement between the abutment and the 
embankment for the MSEW abutment was much less than the inverted T-type abutment 
showing smooth profile. On the contract, the inverted T-type abutment had a bump at the end 
of the approach slab that would cause a diving discomfort. 
(3) Using these settlement profiles, a vehicle dynamic simulation, CarSim, was conducted to get 
RMS values from z-axis acceleration that could use to evaluate driving discomfort by ISO-
2631 (1991). The RMS value of the inverted T-type abutment increased with the vehicle speed 
and it’s the driving discomfort was indicated an ‘uncomfortable’ over than 120 km/hr. However, 
the driving discomfort for the MSEW abutment was indicated ‘not uncomfortable’ that 
provides smooth driving condition to driver and passenger. In terms of driver and passenger’s 
aspect, the MSEW abutment can be best solution for driving comfort. 
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